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Buckling Load Analysis of Spot-Welded Structures

H C Lee-J J Shim-S C Ahn-G. J. Han
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Abstract

This stability of a plate structure is very crucial problem which results in wrinkle and
buckling. In this study, the effect of the pattern of spot-welding points of the two rectangular
plates on the compressive and shear buckling load is studied with respect to the thickness,
aspect ratio of plates and number of welding spots. Buckling coefficient of the plate not
welded was compared with that of two plétes with various thickness to extract the effect of
thickness. The effect of number of welding spots are studied in two directions, longitudinal
and transverse directions. The conclusions obtained were that the reinforcement effect was
maximized when the aspect ratio was close to 1.75 at compressive load condition and that the
effect of number of welding spots in transverse direction was larger than that in longitudinal

direction at shearing load condition.
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Table 1 Mechanical properties of STS 304

Material STS304
Elastic modulus 2.14%10° N/mm’
Tensile strength 519 N/mm’

Yield strength 206 N/mm’
Poisson's ratio 0.29
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Fig. 1 The minimum welding pitch and

minimum edge interval

T ale 2 The minimum welding pitch and
minimum edge interval(KS B 0880)

Thickness of | Minimum welding | Minimum edge
thin plate(tl) pitch(Pmin) interval(Emin)
0.6mm 10mm 6.0mm
0.8mm 12mm 6.5mm
1.0mm 15mm 7.5mm
1.2mm 18mm 8.0mm
1.4mm 25mm 9.5mm

Table 3 Dimensions of the rectangular plate

Length of plate( a) 120~480mm
Width of plate( b) 240mm
Thickness of plate(t) lmm
Spot—w@dm.g pitch of 2] 9~ 938mm
x~—direction(A)
Spot-welding pitch of _
y—direction(B) 54~108mm
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Fig. 2 The relation between aspect ratio and

buckling coefficient

Table 4 The £k, values of unwelded plates for

seven aspect ratios

r| 050710 1125] 15 |17} 2
k |5.828|3.732|3.101 {2.892 | 2.841 | 2.854 | 2.894

GN
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Table 5 The values £k, of unwelded plates for

seven aspect ratios

r |05 (07|10 (12|15 |17 20
k |31.38 1894|1458 [12.56 | 11.47 | 10.81 | 10.38
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Fig. 3 Finite element meshes of a rectangular

plate model
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Fig. 4 The boundary condition under com-

pressive load
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Fig. 5 The boundary condition under shearing
load
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— linear critical load

o nonlinear critical load
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Fig. 6 The critical load by linear analysis and

nonlinear analysis
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Table 6 The number of spot-welds and com-
pressive critical load for seven aspect

ratios

r 05
3X5

0751 1
5X5

1.25
6X5

15
7X5

175 2
8%519x%5

axf 4X5

F(kN)|2356|16.48|14.52|14.13|14.35| 1454 | 14.06

Table 7 The

shearing critical load for seven aspect

number of spot-welds and

ratios

T 05 (075 1

4X5

125115 |17 2

8X5 | 9xb

ax B [3x5 5X5 | 6X5 | 7X5

F,(&N)

86.27150.64|35.73|29.2926.30 | 24.86 | 24.12
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Table 8 The equivalent thickness of welded

plates under compressive load for
seven aspect ratios
r 05 (075 1 |125| 15 |17 2
t.(mm)|1.716(1.768(1.803 [1.828 [1.848 [1.854 [1.825

Table 9 The equivalent thickness of welded
plates under shearing load for seven

aspect ratios

T 05 (075] 1 |125] 15 |175] 2
1.504(1.495(1.452(1.429(1.421|1.422{1.427

t,(mm)

1.90

1.75

1.70 i i
0.50 0.75 1.00 1.25 1.50 1.75 2.00

a/b

Fig. 7 The relation between aspect ratio and

equivalent thickness under compressive
load(A=B=54mm)
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Fig. 8 The relation between aspect ratio and
equivalent thickness under shearing
load(A=B=54mm)
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Table 10 The increase ratio of critical
load(N/number) and the ratio of a
difference of critical load(Fs-F.) with
respect to critical load(F,) under

compressive load

AF/ A a(B=3) | AF/ 4 B(a=3)| AFs-4/F.
3~4|4~5|mean|3~4|4~5|mean| 4 5
0.75| 955| 603| 779 |1464] 913 {1189 {394t | GI1D61
1 | 787| 540| 663| 892| 514| 703|Q9R4t | OAP6T
125| 689| 456| 572| 605| 335| 470 | Q8%6) | 1919
15| 246| 715| 481 408 231| 319 | 16861 | 3P4l

1.75| 386 759| 573| 942| 173 55861447 | 03Pl
2 | 353| 739| 546 722| 141| 432|441 | 24041
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Table 11 The ratio of increase of critical

14000

ol /.@. N o load(N/number) and the ratio of a
z / —A—r=125 difference of critical load(Fs-F,) with
< 1z000f . - g =150
Zg nooek. : ?; S respe?t to critical load(F.) under
e ‘2:/ } shearing load
£ /

oo ;::fz////‘ |44 a(B=Y) | AF/4B(a=3)| ARs-o/Fe

N s 3~414~5|meani3~4|4~5|mean| 4 5

number of spot-welds((x)

0.75| 5614 | 1679( 3647 | 4327 | 4615| 4471 | 3% | 40967

Fig. 9 The relation hetween number of 1 4482113591 2920 | 2966 | 15001 2383 | 476l | 4096)
spot-welds in longitudinal direction( @)

and critical load(8=3)
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Fig. 10 The relation between number of

number of spot-welds(a )

spot-welds in transverse direction(f)

and critical load( & =3) Fig. 12 The relation between number of

spot-welds in longitudinal direction( &)
and critical load( 8 =3)
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Fig. 11 The relation between number of number of spot-welds(B)
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spot-welds in two directions(, ) an Fig. 13 The relation between number of

critical load . L
spot-welds in transverse direction(/3)

and critical load( @=3)
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Fig. 14 The relation between number of
spot-welds two directions(e@,f) and

critical load
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